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INTRODUCTION 
The study of human chromosomes has received con-
siderable attention in recent years. In 1956, Tjio and 
Levan laid the basis for establishing the correct human 
diploid number of 46 chromosomes. Advances in mammalian 
cytological techniques enabled Tjio and Levan to report this 
number from tissue culture preparations derived from human 
embryonic lung. Their observation was quickly confirmed 
by Ford and Hamerton (1956) with preparations from testic-
ular material. Since these original observations, many 
other workers have confirmed the validity of 46 chromosomes 
as the normal chromosome complement in man. In normal 
somatic cells of man, this complement consists of 22 pairs of 
autosomes (non-sex chromosomes) and a pair of sex chromosomes 
(gonosomes). The normal male has a pair of sex chromosomes 
which are heteromorphic (XY), while in the female the sex 
pair are homologus (XX). On the basis of their size and 
structure, human chromosome pairs are classified into seven 
groups. (Chicago Conference, 1966). These are as follows: 
Group A: Chromosome pairs l, 2 and 3 
Group B: Chromosome pairs 4 and 5 
Group C: Chromosome pairs 6-12 and X 
Group D: Chromosome pairs 13, 14 and 15 
Group E: Chromosome pairs 16, 17 and 18 
Group F: Chromosome pairs 19 and 20 
Group G: Chromosome pairs 21, 22 and Y 
Subsequent to publications of the normal human 
chromosome complement, reports of chromosome number varia-
tions in a variety of clinical syndromes were described. 
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The first human chromosome disease was not recognized as a 
distinct chromosomal disorder until 1959 when Lejeune, et al. 
and Ford, ~ ,!!. demonstrated a specific chromosome abnormal-
ity in mongolism (Down's syndrome). These reports described 
the first incidence of trisomy in man in which a chromosome 
belonging to the G-Group was present in triplicate (trisomy) 
rather than as a normal pair. Rapidly, there followed addit-
ional descriptions of chromosomal abnormalities involving the 
sex pair in Klinefelter's syndrome {.XXY and others), Turner's 
syndrome (XO), and in a case of Klinefelter-mongolism. 
In 1960, another autosomal syndrome was described 
by Edwards, et al. as trisomy in the E-group. At the same 
time, Patau, et S,l. (1960) verified this finding in a brief 
description of two infants with this condition. Smith, et.al. 
(1960) later described in detail the two cases reported by 
Patau and also added four new cases with this syndrome. 
Within the same year, Patau described a third autosomal 
trisomy syndrome in the D-group. 
Lying outside the spectrum of these early numer-
ical abberation syndromes, a different type of autosomal 
syndrome was discovered by Lejeune, et al. (1963) in which 
a deletion or loss of part of the short arm of a B5 chromosome 
was demonstrated. In addition to the set of clincially 
recognizable congenital anomalies associated with this syn-
drome, afflicted patients have a feeble cry resembling the 
mewing of a cat. Hence, the name "Cri du Chat" or Cat Cry 
Syndrome is often used to identify this syndrome. 
The term "trisomy" denotes a form of aneuploidy 
in which a cell has a triplex rather than diploid complement 
for one chromosome pair, whereas aneuploidy may involve one 
or several chromosome pairs and refers to any cell with a 
chromosomal complement different from the normal haploid set 
(N) for gametes or diploid set (2N) for somatic cells. The 
term "polyploid" involves all chromosome multiples of the 
haploid complement. For instance, in cases involving human 
complements of 23, 46, 69 and 92 chromosomes, the terms 
haploidy, diploidy, triploidy and tetraploidy identify the 
specific polyploidic condition, respectively. 
It is noteworthy that of the 22 pairs of autosomes 
in man, only three autosomal trisomy syndromes have been 
described to date. As mentioned, these are :found in 
mongolism (trisomy-Gl or trisomy 21-22), the trisomy-D1 
(trisomy 13-15), and the trisomy-E1 (trisomy 17-18). The 
presence of an extra chromosome in these cases of trisomy 
results in genetic imbalance and interferes with develop-
mental processes in many ways. It has been generally accepted 
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that trisomy of the larger autosomes in groups A, B and c, 
as yet unreported as specific syndromes, would have a lethal 
effect as a result of greater genetic imbalance. 
The suffix 1 is often used in description of human 
autosomal trisomy and denotes that these are the fi.rst reported 
syndromes with trisomy in that group. Theoretically, trisomy 
could exist in any or all pairs of a given group. There-
fore, identification of additional trisomy syndromes 
involving other pairs in these groups would be described 
by suffixes as G2 , D2D3 , and E2E3• 
AUTOSOMAL TRISOMY SYNDROMES DESCRIBED 
Mongolism, Of the three autosomal trisomy syndromes, 
the most common is mongolism. The incidence of this syn-
drome at birth has been studied by many investigators and 
is generally set at 1.0 per J00-600 newborns (Thuline). 
Elevated materal age is associated with the frequency of 
this syndrome. Approximately 80 per cent of the mothers 
of mongol children are 35 years of age or older at the 
birth of their child (Yunis, p. 212). 
Since the early description of mongolism by Down 
{1866), there have been several comprehensive studies (see 
especially Oster, 1953; Benda, 1960) which list as many as 
55 clinical signs for this syndrome. Of these physical 
signs, the cardinal features are as follows: 
l. mental retardation 
2. four finger line (simian crease) 
3. short incurved fifth finger 
4. short broad hands 
5. hyperflexibility of the joints 
6. epicantic folds** 
7. furrowed tongue 
8. irregular, abnormal sets of teeth 
9. narrow, high palate 
10. flat occiput 
11. oblique palpebral fissures 
Other physical features commonly found include flat and 
broad face, strabismus, protruding tongue, furrowed lip, 
nystagmus, cataract, short nose, abnormal ear lobes, short 
neck, hypoplastic maxilla, flattened orbit, congenital 
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heart defects, a gap between great and second toe, protuber-
ant abdomen, hypotonicity, thorax deformities, short and 
clumsy feet. In addition to these common congenital 
anomalies, it is of interest to note that a short sternum 
anomaly is cited as a less frequent physical sign associated 
with this syndrome. 
** All medical terms are included in a glossary in 
appendix A. 
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Apparently longevity in mongolism is related to 
the size of the chromosome involved in trisomy. In mongol-
ism, the extra chromosome is one of the smallest sized 
chromosomes and belongs to the G-group. Its presence seem-
ingly results in a genetic imbalance which is less severe in 
terms of life span when compared to the other two autosomal 
trisomy syndromes. In contrast, greater severity in terms 
of short lived patients is found in the D and E trisomy 
syndromes. It is generally held, therefore, that this is 
due to greater genetic imbalance from trisomy of the larger 
size D and E group autosomes. 
Trisomy-D Syndrome. The trisomy-D syndrome was not 
recognized as a distinct chromosomal disease until 1960 
when Patau and his colleagues described the first patient. 
Patau utilized bone marrow preparations from long term 
tissue cultures in reporting this anomaly. 
Preliminary attempts to determine the general 
frequency of this syndrome are based on limed data. 
However, on the basis of studies by Marden, et al. (1964), 
the incidence of this syndrome is presently set at 0.45 
per 1,000 newborns. It should be added that an exact 
frequency rate is difficult to assess because of death in 
early infancy -- usually less than six months. In this 
respect, diagnosis may not have been made by the time of 
the infant's death. 
As in other trisomy syndromes, the triplicate 
representation of gene loci from the extra (trisomic) 
chromosome results in a unique set of clinically recog-
nizable defects. The most common abnormalities found are 
these: 
1. mental retardation 
2. arhinencephaly 
J. sloping forehead 
4. eye defects 
5. flexion deformities of fingers and hands 
6. low set malformed ears 
7. cleft palate and lip 
S. polydactyly and/or syndactyly 
9. trigger thumbs 
10. hyperconvex narrow fingernails 
Other frequent findings are: apparent deafness; breath-
holding {apneic) spells and/or seizures; microphthalmia and/ 
or colobomas; simian crease; capillary hemangiomata of the 
skin; cardiac anomalies; defects of the external ear; and 
rockerbottom feet. 
Trisomy-E Syndrome. The trisomy-E syndrome was 
originally described in a publication by Edwards, et al. in 
1960 and has.become relatively common in terms of reported 
cases. To date, more than 100 cases have been discovered 
(Bartalos and Baramki, 1967). 
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Incidence. At present there are limited data on 
the frequency of trisomy-E. However, s·tudies by Marden, 
et al. (1964) and Hecht, et al. (1963) indicate that the 
frequency of this syndrome is from less than 1 per 1,000 to 
as many as 1 per 500, respectively. As in trisomy-D, the 
incidence of this syndrome is made difficult because of 
death in early infancy. 
Clinical Features. Taylor and Palani (1964) 
collected information from the published literature on 
clinical features in 65 trisomy-E patients. From this 
survey, the reported physical defects in more than twenty 
per cent of the cases are these: 
1. developmental retardation 
2. dermal arches on at least three fingers 
3. low-set misshapen ears 
4. micrognathia 
5. failure to thrive 
6. ventricular septal defect 
7. flexion deformity of the fingers with 
axial deviation 
$. limited hip abduction 
9. elongated skull 
10. short sternum 
11. short dorsiflexed big toe 
12. single umbilical artery 
Other anomalies frequently noted include: narrow arched 
palate, small triangular mouth, hypermobility of shoulders, 
small pelvis, male crytorchidism, patent ductus arteriosus, 
renal malformation, syndactly and rockerbottom feet. 
Table I provides a list of the surveyed clinical findings 
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for this syndrome in rank order of per cent under the 
headings of Most Common Features (above 80%); Common Features 
(50-79%); and Less Frequent Features (below 50%). It is 
well to note that the short sternwn anomaly is described in 
85% of the cases in which this sign was sought. 
Survival. Trisomy-E usually results in such severe 
anomalies that only a few patients survive early infancy. 
Weber (1964) surveyed 101 cases from the published literature 
and by letter communicated with many investigators and 
assessed that afflicted infants seldom lived past six months 
of age. He found further that death occurred to 50 per cent 
of the infants by two months of age and to 75 per cent by tnree 
months of age. Only 13 per cent lived past one year of age. 
The oldest living patient is a 15 year-old female retardate. 
(Barthalos and Baramki, p. 305) 
Maternal Ag~. Elevated maternal age appears to 
be a significant factor in the occurrence of trisomy-E as 
well as in the other autosomal trisomy syndromes. A study 
by Hecht, et al. (1963) revealed a mean maternal age of 
34.3 years in 32 reported cases. In another study (Carter 
and Evans, 1961) 52.5 per cent of 41 mothers of trisomy-E 
patients were found to be 35 years or older at the birth 
of their afflicted child. These reports indicate that 
infants with trisomy-E tend to be born to older mothers. 
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Table I 
Anomalies of the Trisomy-E Syndrome 
Most common features Common features found Less frequent features 
Area occurring in 80% or Area in 50% to 7'!% of the Area in under 50% of the 
more of the pati_ents _ P.:ltients patients 
frequency % frequency % frequency % 
Developipental 41/41 100.% Hypertonus 32/41 78 ... % Renal anomaly 17/36 47.% 
retardation 
Normal renal 15/33 46.% 
Arches on at 24/24 100.% Females 44/57 77.% tract 
least 3 fingers 
Redundant 10/25 40.% 
Low-set misshapen ears 51/52 98.% Small placenta 3/4 75.% skin of nape 
Micrognathia 49/51 96.% Patent ductus 23/36 64.% Meckel's 10/27 37.% 
arteriosus diverticulum 
Failure to thrive 48/50 96.% 
Thin diaphragm 10/27 37.% 
Ventricular 35/37 95.% Calcaneo-valgus 20/38 53.% or eventration 
septal defect feet 
Webbed neck 7/26 27.% 
Flexion deformity 50/53 94.% Inguinal/umbilical 20/39 51.% 
of the fingers with hernia Major auric-
axial deviation ular septa! 3/36 8.% 
defects 
Limited hip abduction 22/24 92.% Hydramnios 7/14 50.% 
Coarctation 2/28 7.% 
Elongated skull 35/41 85.% of the aorta 
Short sternum 34/40 85.% 
Short dorsiflexed 31/38 82.% This table is based on a survey of 65 cases by Taylor and 1-1 
big toe Palani and indicates the number of positive findings in 1-1 
Single umbilical artery 4/5 80.% 
those cases which recorded their presence or absence. 
Sex Rat~~· It is of interest to note the high 
frequency of affected females with this syndrome. For 
reasons yet unknown, genetic imbalance from trisomy in the 
E-group seemingly affects males most severely as evidenced 
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by a 3 to l female to male sex ratio at birth (Smith, et al., 
1964). It has been proposed that if this be so, unnoticed 
affected males might be found among stillbirths and abortions. 
Perhaps as further chromosomal studies are conducted on 
abortions closer attention may be drawn to the XX sex 
complement and to speculation concerning the homogametic 
role in elevation of prenatal survival rates. In passing, 
it is interesting to note that a sex ratio imbalance is 
found in both D and E trisomy syndromes but not in 
mongolism. 
Other E-Group Anomalies. A variety o.f chromosome 
abnormalities involving the 1-group chromosomes have been 
described in the literature. Few reports, however, have 
described cases of double trisomy involving these chromo-
somes. One such case, however, described an individual who 
was trisomic for both chromosomes 18 and 21 (Gagnon, et~~., 
1961). This interesting case of aneuploidy showed related 
but variable phenotypic effects common to both syndromes of 
mongolism and trisomy-E. Another report of double nondis-
junction described two patients with combined trisomy 18 and 
trisomy X (Uchida, et al., 1962b)~ In both of these cases, 
the phenotypic effects were those common only to the 
trisomy-E syndrome. 
In addition to simple aneuploidy involving only 
one chromosome pair and double aneuploidies as mentioned 
above, other variations in karyotypic abnormalities of 
the E-group described in the literature include: trans-
locations, partial deletions, and mosaicism. These are 
the known karyotypic abnormalities which serve to indicate 
the dimensions of the trisomy-E syndrome to date. Of 
special interest is the possibility that other variations 
exist which have not yet been described. 
To date there have been several cases of 
translocations involving chromosomes 17-18. These reports 
include the following: 
1. E-E translocations 
2. D-E translocations 
J. E-D translocations 
4. deleted 18-No. 3 
5. E-group ring chromosome 
6. C-E translocations 
Patients who have only a part of the full component 
anomalies for trisomy-E are generally interpreted as the 
result of partial trisomy for the E-group. These are 
patients with part of the extra "E" being translocated or 
attached to another chromosome. Such chromosomal 
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abberations arise by chromosomal breaks and rearrangements 
which karyotypes may not evidence, if the deleted fragment 
is quite small. In this respect, it is interesting to 
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note that patients without detectable chromosome anomalies, 
which manifested some common features of this syndrome, have 
been reported. 
Mosaicism. Chromosomal mosaicism refers to an 
organism whose body is composed of two or more kinds of 
cells with different chromosome number complements. Each 
population of cells of the same type or number is called 
a cell line. The origin of different cell lines in cases 
of mosaicism is mainly through mitotic errors of nondis-
junction or anaphase lagging, which, by definition, must 
arise within the organism itself. In this respect, 
mosaicism is distinct from ~himeris~, a term which refers 
to the presence of two or more cell lines in an organism 
which have been derived from totally different individuals. 
Chromosomal mosaicism associated with trisomy-E 
is relatively rare in terms of reported cases. In all cases 
reported thus far, the same genotypic pattern involving 
aneuploid {47)/euploid {46) cell lines has been demonstrated. 
Patients generally show the usual phenotypic expressions of 
the trisomy-E syndrome. 
Probl~. A general purpose of this study was to 
elucidate, from among an array of multiple congenital defect~ 
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one specific physical sign which would be useful for the 
clinical recognition and detection of trisomy-E patients. 
Because of the seeming consistency of the short sternum 
finding in a significant number of published reports, it 
was assumed that this anomaly would be useful in this 
respect. On the basis of its cited frequency and insofar 
as it was not a commonly recognized feature among other 
chromosomal diseases, the hypothesis was set up for testing 
that a short sternum would relate to the diagnosis of 
trisomy-E. 
It is noteworthy that a significant number of 
reports have described sternal length as being "short" in 
patients affected with this syndrome. Yet, in no instance 
has an effort been made to quantify this physical feature 
in objective terms. Moreover, a search of the literature 
failed to identify any study which established objective 
criteria for sternal length evaluation. Therefore, much 
of the present study is to develop,objective criteria for 
quantifying sternal length and then to use these in 
evaluation of the short sternwn as a clinical sign for the 
diagnosis of trisomy-E. 
The present study serves two added purposes. The 
first of these as mentioned is the establishment of 
objective criteria for evaluating sternal length as a means 
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of identifying individuals with unusually short sternums. 
Secondly, cytogenetic studies of patients with significantly 
shortened sternums are utilized to determine whether they 
have trisomy-E. 
For purposes of this study, selection of the 
Yakima Valley School, a state institution for the ment-
ally retarded at Selah, Washington, was made because 
it offered the highest probability of finding trisomy-E 
cases. Among this population, a physician interested in 
chromosome abnormalities noted 12 individuals with 
strikingly short. sternums. Because of this single physical 
finding, the question was raised as to whether or not 
these patients might represent the trisomy-E syndrome. 
Yet, apart from the classic picture of this syndrome, it 
was noted that few of these patients were in early infancy. 
The short sternwn group appeared as a group rare for the 
trisomy-E syndrome by virtue of their longevity. On the 
basis of this conviction, the present study was under-
taken. 
Development of Laboratory Techniques. The ba~is 
for examining human chromosomes was built upon and followed 
advances in techniques for studying mammalian and plant 
chromosomes. Moreover, much of the capacity to analyze 
mammalian material was limited to cytogenetic techniques 
used in botany. For instance, in the late thirties the 
effects of colchicine on mitosis were described by plant 
cytogeneticists. This provided a major stimulus for 
the use of colchicine in all types of chromosome work. 
Mammalian cytologists were hopeful that application of 
colchicine to their material would provide favorable 
chromosome spreads comparable to these enjoyed by the 
botanists. 
17 
Early attempts to utilize colch1cine and other 
procedures with mammalian tissue were not successful for 
various technical reasons. First, there was the difficulty 
of getting mammalian cells to grow in a suitable artificial 
medium; and secondly, there was difficulty i~ getting good 
mammalian metaphase spreads. It was found that plant 
tissues were much more viable in relatively simple media 
than were mammalian tissues. Mammalian cells and tissues 
required more complexity in terms of nutritional needs in 
media suitable for sustaining cellular metabolism and 
proliferation. Indeed, the problem of getting human cells 
to grow in artificial media had to await the tedious 
chemical identification of all essential nutrients needed 
by the cells. 
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Part of the build-up of present day human tissue 
culture media stemmed from the work of White (1946). 
Influenced by success in growing plant tissue in solutions, 
he developed a complete medium capable of maintaining chick 
embryo cells alive for periods of weeks. Later improvements 
on this early model produced a medium for chick fibroblasts 
which gained wide acceptance for all kinds of mammalian 
cells. From the work of Eagle (1955), there was established 
rather exact standards of nutrition which permitted the 
continuous growth of certain mammalian cell lines. 
Paralleling these advances in tissue media 
design were the improvements made in balanced salt solutions 
used in tissue cultures. Among numerous.reports cited in 
the literature which contributed several well-known salt 
solutions, the works of Earle (1943) and Hank (1948) are 
offered as classic formulae upon which later more improved 
modifications were built. 
During the past decade, a wide spectrum of materials 
has been applied to many mammalian cell systems. Yet, 
all synthetic media commonly used .nowadays for human cytology 
originated from these studies. 
Much of the advance in cytogenetic techniques with 
mammalian cells was dependent upon the advances in tissue 
culture techniques which arose in the search for a 
successful medium for the polio virus. After the work of 
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Enders, et al. {1949) on the growth of the poliomyelitus 
virus, the large scale use of tissue culture for biological 
studies became universal. In this connection, impetus 
from the large scale use of tissue cultures of cells in 
vitro set the stage, in part, for the study of human 
chromosomes. Tissue cultures provided a great advantage over 
tissue block techniques by forming either a cell suspension 
or single layer of cells. Mammalian cells thus distributed 
in a tissue culture medium allowed the full affects of pre-
treatments and fixation techniques. 
Part of the difficulty in obtaining good meta-
phase spreads with distinct and adequately coiled chromo-
somes was obviated through the application of colchicine to 
human cells suspended in tissue culture. It was found that 
colchicine interfered with the formation of the 
spindle apparatus and therefore disrupted or blocked 
orderly cell division at the metaphase stage. Furthermore, 
colchicine had the added effect of causing the chromatin 
material to contract, thus giving a condensed chromosomal 
form favorable to analysiso 
Equally as important as the use of colchicine 
and the advances in tissue culture techniques was the 
fortuitous finding by Hsu {1952} that a hypotonic solution 
treatment did much to spread chromosomes of cells in vitro. 
Hughes (1952) also noticed the phenomenon of chromosomal 
spreading under hypotonic osmotic pressure. Yet, it 
remained for Hsu to propose its use as a factor in spread-
ing the chromosomes of cells in vitro. The net effect 
from using a hypotonic solution treatment is to create an 
osmotic pressure imbalance which causes cells to expand 
and the chromosomes inside to spread. 
20 
The application of colchicine and the hypotonic 
treatment to mammalian cells in vitro has resulted in the 
capacity to analyze human chromosomes. Use of either 
squash or air-dried methods of slide preparations coupled 
with colchicine and hypotonic pretreatment techniques 
facilitated chromosomal analysis by flattening cells to the 
slide's surface and forcing the chromosomes to lie on one 
plane of focus so that accurate counting and photography 
could be made. 
By combining all these methods, i. e., a tissue 
culture, colchicine-hypotonic-squash or air-dry sequence, 
cytologists were able to correctly assess the human 
chromosome number. The discovery of this number for man 
and the subsequent discoveries of aneuploidy are generally 
considered to have marked the beginning of human cyto-
genetics. 
Present methods for preparing material for 
chromosome· analysis consists of cellular growth and prolifer-
ation in tissue cultures in either short term (bone marrow 
or peripheral blood) or long term (fibroblast) cultures. 
Metaphase cells are treated with colchicine to arrest 
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spindle fiber formation. Hypotonic treatment is applied, 
causing cells to swell and chromosomes to spread over the 
entire cell. Mechanical squash or air-dried procedures are 
utilized for obtaining the final metaphase spreads on slides. 
Photomicrographs are taken of metaphase spreads. Detailed 
metaphase karyotypes are made by cutting chromosomes from 
prints and arranging them in pairs into seven groups. 
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METHODS AND MATEHIALS 
Population Studied. The Yakima Valley School 
population selected for this study is composed of 250 
patients, 150 females and 100 males, of mixed racial origin. 
Age range for residents is from under 1 to 56 years. Resi-
dents are bed,fast, severely handicapped, with profound 
or severe mental retardation. Among this group some patients 
were noted as deaf, dumb or blind, while others evidenced 
various syndromes of genetic and/or biochemical origin. Not 
too infrequently, hereditary diseases such as phenylketon-
uria, schilders disease, osteogenesis imperfecta, 
galactorsuria, tuberous sclerosis, and others were noted. 
The incident of multiple congenital defects was seemingly 
high in this population. 
Criteria for Sternal Length. The study consisted 
in part of gathering comparative data for sternal and 
torso lengths for all residents of the institution. 
Measurements were taken of torso and sternal lengths with 
the patient supine. Since many subjects had severe 
anatomical anomalies, e.g., protruding abdomen, scoleosis, 
pigeon breast deformity, etc., a caliper type instrument, 
the pelvimeter, was employed for measuring. Sternal 
length measures were recorded in centimeters from the 
jugular notch to the most distal point of the sternum, 
excluding the xiphoid process. In practice, the end of 
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one arm of the pelvimeter was placed in the jugular notch 
which held the pelvimeter in place and reduced inaccunacies 
resulting from slippage, while the other end was placed 
in the infrasternal notch (sternal length). Readings for 
the distance between the caliper tips were obtained from 
a steel tape measure fixed to a firm support. The 
xiphoid process was excluded from the measurement for 
the sternum because of marked variability in length and 
difficulty with fixation of such a flexible structure. 
Moreover, in some patients it was absent. A rather 
distinct depression is formed at the point of union of the 
7th costal cartilages with the xiphoid process and the 
main body of the sternum. This infrasternal notch afforded 
a significantly consistent and conspicuous landmark for 
the distal end of the sternum. An evaluation for the 
exact sternal length measure on each patient was made 
from the average of two or three trial readings. 
The same procedural design was followed in obtaining 
values for torso length measures. Torso length was recorded 
in centimeters by measuring from the jugular notch, to the 
superior border of the symphysis pubis. 
The step-by-step procedure for torso and sternal 
measures is as follows: 
l. The patient was disrobed and torso, sternum 
landmarks were identified. 
2. Two or three sternal length measures were 
recorded with the patient supine by plac-
ing the arms of the caliper in the jugular 
notch and in the infrasternal notch. 
J. Two or three torso length measures were 
obtained by placing the arms of the caliper 
in the jugular notch and against the superior 
border of the pubic symphysis. 
4. Each measurement was taken in centimeters 
by applying the arms of the caliper to a 
steel tape measure fixed to a firm surface. 
5. The average of measurements for each 
patient.•.s sternum and torso were recorded 
for calculation of the torso/sternum.ratios. 
Reliability ~. Procedural Design. To establish 
a measure of validity for the procedural methods used 
24 
in quantifying sternal lengths, a second series of measures 
was taken as before by an assistant and me on a random 
sample of 25 subjects (10% of the population) at the 
Yakima Valley School (see appendix B for data). The assistant 
had no prior knowledge or familiarity with the actual 
location or identity of the sternal and torso landmarks 
used in this study. It was necessary, therefore, to practice 
the procedural design on two patients before attempting to 
measure the sample group. For each patient selected at 
random, medsur~ments were taken separately, first by the 
investigator and then by his assistant. The recorded datum 
was not shared or analyzed until all testing had been 
completed. This approach was decided upon to avoid any 
prejudicial changes in the course of the examinations 
which would tend to distort the data. Double or triple 
readings were made, as before, of all patients in the 
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sample group to rule out gross errors and the average of 
these was recorded. The comparative data collected confirmed 
that these measures can be reliably obtained. The accuracy 
of this procedure is verified by the coefficient of correla-
tion of+.979 between the scores of the two raters. This 
value is highly significant (p.<:.0.001) and indicates that 
the measures between the investigator and his assistant were 
in very close agreement. The correlation further indicates 
that a high degree of accuracy may be expected when utiliz-
ing this procedure as a method for establishing rather exact 
measures for sternal and torso lengths. 
Inasmuch as the second series of measures followed 
the original measurements by approximately 4 months, a 
comparison of both sets of measures provided additional 
criteria for corroborating as valid and reliable the use 
of the present method of measure. The second set of torso 
and sternum measures taken by the investigator for the 
25 subjects of the sample group were correlated with initial 
measures for the same individuals. It was found that the 
two measures were also very definitely related, i. e., 
r:t1+t2:+.930. The probability (p.(,.001) determined for 
these comparative group measures confirms as valid and 
significant the utilization of this method design for 
assessing reliable sternal and torso lengths. 
Derivation of ~ Torso-Sternal Ratio. From that 
data on absolute torso and sternum lengths, torso/sternal 
ratios (t/s) were calculated for the 250 patients. The 
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t/s ratio for each patient was calculated from the distance 
in centimeters from the jugular notch of the sternum to 
the superior border of the symphysis pubis (torso length) 
divided by the distance from the jugular notch to the 
distal point of the sternum (sternal length). These data 
were obtained by programming an IBM 1620 Model I System at 
Central Washington State College using a program written in 
FORTAN language to divide the sternal length into the torso 
length. 
Because of the need for an objective measure of 
sternal length independent of age, t/s ratios were utilized. 
It is seemingly axiomatic that absolute measures for torso 
and sternal lengths are age dependent and therefore could 
not be used for purposes of this study. Consequently, 
the assumption was made that the t/s ratio rather than 
absolute measures would be relatively free of an age effect. 
This assumption is verified by a scatter diagram, Figure 1, 
showing a negligible correlation between age and t/s ratios 
for the Yakima Valley School population. It will be seen 
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that there are a great many deviant t/s ratio scores 
which lie distributed at random as compared with the 
mean t/s ratio of 3.233 for all age groups. It is clear 
that for these subjects there is virtually no correlation 
between these variables. On the basis of this diagram, 
~9 
one may expect to find individuals with similar high, medium, 
and low t/s ratios associated with any age group. The 
correlated scores are seemingly arranged along a horizontal 
line indicating the degree of correlation to be almost zero. 
Actually, the coefficient of correlation for these variables 
is 0.006. Statistically speaking, it is negligible and 
not significant. 
Correlations given in this study were determined by 
the formula: 
r: x y 
j x2 y2 
In passing, it can be added that a high correlation 
was found between absolute sternum and torso measures 
of+.789. It is positive and highly significant (p<.001). 
On the basis of this correlation, one may expect to find in 
the total population similar measurements for both sternum 
and torso lengths. That is, if one measure is long, the 
other is very likely to be long also. If an individual has 
a short (or average) sternum, it is very likely that he will 
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have a short (or average) torso length as well. 
CHROMOS0¥1AL STUDIES. 
Method 2f Selecting Patients for Study Group. In 
an early effort to select a group for cytogenetic investig-
ation, data from t/s ratios were assembled in a rank order 
relationship from the largest scores (i.e., short sternum 
cases) to the smallest scores (i.e., large sternum cases). 
An arbitrary decision was made to select the twelve largest 
scores as an index for short sternal length in order to 
provide a study group of ample size. 
Subsequently, an effort was made to establish 
objective criteria for selection of the group for chromosomal 
studies by the criterion of sternal length. Selection of 
the final group for chromosomal studies utilized statistical 
analysis of t/s ratios wherein the mean and standard 
deviation were applied. Initially, those individuals with 
a ratio more than three standard deviations below the mean 
became the study group. Later, it was found that the study 
group proved small enough to allow expansion to include 
scores beyond 2.5 standard deviations from the mean. It was 
to be expected that the group selected in this objective 
manner was found coincident with the twelve individuals 
initially selected in the rank order scale listing. 
Utilization of a frequency distribution wherein 
the mean and standard deviation of torso/sternum ratios 
are arranged in order of increasing magnitude finds the 
short sternum group at the extreme end of the distribution 
sample (see Figure 2). The 12 scores in the short sternum 
study group are the shortest 4.7 per cent of the sample 
distribution. In terms of s~andard deviation units, the 
longest sternum in this group is case #34S (torso/sternum 
ratio : 3.950) 
S. D. : 3.950 - 3.233 
.441 
: 1.63 beyond the mean of 
3.233, 
while the shortest sternum in the population is case 1265 
(torso/sternum ratio : 4.864) 
s. D. : 4.864 - i.233 
.44 -
3.70 beyond the mean. 
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Method of Chromosomal Studies. (See Figure 3) For 
this study the usual procedure of short term tissue 
cultures of peripheral blood leukocytes was employed. 
Some studies involved use of a commercially available kitl 
for chromosome analysis, while others were done with 
Lr C Chromosome Culture Kit - code 5842, Difeo 
~a~oratories, Detroit, Michigan. 
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materials prepared in the cytogenetic laboratories at 
the Rainier School, Buckley, Washington.2 
The tissue culture procedure in detail was: 
1. 10 ml. of blood was collected from a patient 
who had abstained from eating for approx-
imately 3 hours. A sterile disposable 
Yale 20 gage, l and 1/2 inch disposable 
needle with a sterile, plastic disposable 
syringe was utilized in withdrawing the blood. 
2. Withdrawn blood was aseptically transferred 
to a blood Separation V.ial containing 
0.2 ml. of heparin. 
3. After gently mixing6 the blood-heparin mixture stood at 37 C for 1-3 hours. 
4. Following sedimentation of the erythrocytes, 
the plasma-leukocyte layer·was separated by 
drawing off the top lay.er. 
1.5-2.5 ml. of this suspension was innocu-
lated into 10 ml. of nutrient media. 
6. Innoculated media was then incubated for 
68-72 hours at 37°c. It was important to 
maintain a suitable pH range during the 
incubation period as judged by the indicator 
changes in the media. If the indicator became 
yellowish {acidic), the bottle cap was loosen-
ed to allow excess co2 to escape. 
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7. At the end of this incubation period, growth .. was 
terminated at metaphase by addition of O.l ml. 
2The nutrient media utilized in the research 
laboratories at the Rainier School consisted of the following 
components; 70% Eagle's BME Spinner media; Saline solution; 
20% fetal calf serum; and 5% human cord serum. Penicillin, 
streptomycin and nystatin were added in 100 units, 100 ug, 
and 100 ug, respectively. 
8. 
10. 
11. 
12. 
13. 
14. 
16. 
17. 
of 10-~ cholchicine per l ml. of culture 
with gentle tilting of tge mixture. 
Culture incubation at 37 C continued for 
3-6 hours. 
The culture was then transferred to a 12 ml. 
graduated centrifuge tube and centrifuged 
for 12 minutes at 800 rpm. 
35 
The resulting supernatant was subsequently 
removed and 5-6 ml. of warm (37oc) Hanks 
Solution was added with the cells resuspended. 
After centrifugation at BOO rpm for 5 minutes, 
all but 0.5 ml. of supernatant was drawn off. 
Packed cells were resuspended and 1.5 ml. 
of warm (37°c) distilled water was slowly 
added with constant and gentle shaking 
to produce the hypotonic solution for 
chromosome dispersion. 
This suspension was incubated at 37°c for 
10 minutes. 
Centrifugation of the suspension followed 
at 600 rpm for 5 minutes with the resulting 
supernatant being drawn off. 
To the button of leukocytes, wither of two 
fixatives were added; depending on the type 
of slide preparations utilized. For squash 
slide preparations, a freshly prepared fixa-
tive consisting of l part of Glacial Acetic to 
l part Methanol (Reagent Grade) was utilized. 
Generally, it was desired to use the air-dried 
method for slide preparation, in which case a 
freshly prepared fixative consisting of l 
part Glacial Acetic Acid and 3 parts Methanol 
was utilized. 
Leukocytes stood in fixative for at least 
30 minutes. 
Cells were subsequently resuspended. 
Centrifugation at 600 rpm followed with 
resulting supernatant being discarded. 
18. Cells were resuspended in 3-4 ml. of fresh 
fixative and stood for 5 minutes. 
19. Centrifugation followed at 600 rpm for 
5 minutes. 
20. Steps 18 and 19 were repeated as often as 
necessary to disperse clumps of cells. 
21. The supernatant was very carefully drawn 
off. 
22. 0.25-0.5 ml. of fresh fixative was added to 
the button of cells. 
23. Cells were then resuspended prior to slide 
fixation. 
Preparation of Slides. In most instances, 
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air-dried slide preparations were utilized. Precleaned slides 
were washed in distilled water, then chilled over an ice 
bath. Excess water was removed by shaking, and 2-3 drops 
of the leukocyte cell su~pension were added. In very 
rapid succession, (1) the suspension was then spread well 
over the slide; (2) excess fixative was burned off by 
bringing the slide into momentary contact with a flame; 
and (3) the slide was then waved vigorously to promote 
drying. 
For squash preparations, 2-3 drops of suspended 
cells were added to a precleaned slide containing a drop 
of aceto-carmine dye. A coverslip was added, and cells 
were subsequently squashed between sheets of bibulous 
paper. Rapidly following each squash treatment, the slide 
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was quick-frozen by dry ice. when well frozen, the 
coverslip was removed with the aid of a dissecting scalpel. 
Absolute ethyl alcohol was then applied to the surface of 
the slide to hasten drying. Slides then were placed on 
end and allowed to dry. 
Staining Procedure. Slides were treated in 7 glass 
staining dishes in the following respective order: 
1. 1% aceto orcein dye (Gurr) 
in 
60~ glacial acetic acid 
2. 50% ethyl alcohol 
J. 70% ethyl alcohol 
4. 100% ethyl alcohol 
5. xylene 
6. xylene 
7. xylene 
Slides were left in aceto orcein (Gurr) stain for 
30 minutes and rinsed momentarily in the alcohol changes, 
then left 5 minutes in each xylene change. Finally, the 
slides were left to be dried by air. 
Photomicrography. Slide preparations of stained 
leukocytes were photographed using a Zeiss photomicroscope 
with an automatic exposer device to obtain 35mm negatives 
on Eastman Kodak high-contrast copy film. Magnification 
on the 35mm film was consistently 400X. 
Photographic prints from .35mm negatives were 
prepared according to standard techniques in a 5 x 7 inch 
format for counting and karyotyping of chromosomes. All 
negatives were contact printed on No. 4 contrast paper to 
give the final positive print. 
~ Development. The procedure for development 
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of the Eastman Kodak high-contrast copy .35mm film involved 
the following protocol. Kodak developer (Dektol) was 
prepared in a 1:1 ratio with tap water. Film was developed 
in this solution and agitated every 30 seconds for 6 minutes 
at 680F. Stop bath treatment was added at the end of 6 
minutes for 30 seconds with constant agitation. Film was 
subsequently placed in an acid fixer treatment for 2-4 
minutes with agitation every 30 seconds. Following 
fixation, film was washed in running tap water (68°F) for 
30 seconds. Then, hypo-clear treatment followed in which 
the film was agitated for 1-2 minutes. Finally, the 
processed film was washed in running tap water for 5 minutes 
and hung to dry. 
Karyotyping Procedure. While karyotype here 
refers to a standardized arrangement of the chromosome 
number found in any given cell, it is distinct from the 
term idiogram which is a standardized representation of the 
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chromosomal complement in a species that is found in most 
or all of the cells. 
Chromosomes of stained leukocytes were cut out 
of 5 x 7 inch prints and arranged into 22 pairs of autosomes 
and a pair of sex chromosomes, according to size and 
relative length of their arms, to form a karyotype. Each 
metaphase chromosome consists of two chromatin strands 
called chromatids, held together at some point by a non-
staining contriction, the centromere (kinetochore). In 
these replicated chromosomes, each chromatin strand is 
actually a complete chromosome, but is called chromatid 
in a metaphase chrori1osorne. Un the basis of tne relative 
position of their centromeres, human chromosomes are class-
ified under tnree basic forms (see diagram below) as follows: 
1. Metacentric chromosomes in which the centro-
mere is positioned medially, giving upper 
and lower arms of equal length. 
2. Submetacentric chromosomes in which the 
centromere is positioned some distance 
from the end of the chromosome, but not 
medially, giving upper arms which are 
shorter than the lower arms. 
J. Subtelocentric or acrocentric chromosomes 
in wnich the centromere is positioned 
near the end, giving extremely short upper 
arms and long lower arms. 
Submetacentric 
___ upper arms ~---
• l--~-centromere 
~- ___ lower arms ___ _ 
c omatid. 
Subtelo.c.entric 
~centromere-­
long arms 
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The metacentric, submetacentric, and subtelocentric 
chromosomes from photomicrographs were arranged in 
descending order according to their length. It will be 
noted that in the karyotype of a normal male, one of the 
unpaired metacentric chromosomes in the C group is labeled 
as the X chromosome and is matched against a non-satellited, 
more "metacentric" acrocentric Y chromosome of the G group 
size range to give. an XY sex complement. 
It is possible by application of descriptive 
criteria to successfully classify chromosomes into a 
standardized arrangement of 7 major groups to form a karyo-
type. For this study, the criteria used for chromosomal 
classification are given in Table II and is in accord with 
the system of nomenclature proposed by the Chicago 
Conference (1966). 
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TABLE II 
Descriptive Criteria for 
Human Chromosomal Group Classification 
Chromo-
somal 
air No. 
Descriptive Criteria 
1. Largest metacentrics 
2. Largest submetacentrics 
J. Second largest metacentrics 
4. Largest subtelocentrics 
5. Second largest subtelocentrics 
6. Next longest submetacentrics to pair #2 
7. Next longest submetacentrics to pair #.6 
$. Next longest submetacentrics to pair Tf 7 
9. Next longest submetacentrics to pair :ff$ 
10. Next longest submetacentrics to pair #9 
11. Next longest metacentrics to pair #J 
12. Next longest subtelocentrics to pair #5 
lJ. Largest acrocentrics 
14. Next longest acrocentrics 
15. Next longest acrocentrics 
16. Next longest metacentrics to pair #11 
17. Next longest submetacentrics to 
pair #10 
18. Next longest submetacentrics to pair 
#17 
19. Next longest metacentrics to pair #16 
20. Next longest metacentrics to pair #19 
21. Smallest acrocentrics 
22. Smallest acrocentrics 
( Group-A 
) has pairs 
( 1-J. 
(Group-B has 
(pairs 4-5. 
( 
( 
( 
)Group-C has 
}pairs 6-12 
(plus X. 
( 
( Group-D has 
( pairs lJ -( 15. 
( Group-E 
~ has pairs 16-1$ ( 
( 
(Group-F has 
( pairs 19-20 
( Group-G has 
( pairs 21-22 
( plus Y. 
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RESULTS 
Chromosomal analysis of peripheral blood leukocytes 
was carried out on each of twelve subjects selected by the 
criteria of short sternal length. For each patient the 
results from chromosomal findings, with t/s ratio, sex and 
final cytogenetic diagnosis, are presented in tabular form 
in Table III. The final cytogenetic diagnosis was based on 
minimum chromosome counts for twenty cells and the karyograms 
for at least two cells with the modal number of chromosomes. 
In cases #264, 205, 265, and 301, where more than one cell 
line for each individual was found (mosaicism), 'the cell 
count was increased to at least fifty cells and the cells 
karyogrammed to a number sufficient to establish the cell 
lines present. 
Demonstrable chromosome number anomalies were 
found in five of the 12 subjects comprising the study group. 
In one case, it was uncertain whether mosaicism was demon-
strated. Chromosome counts and karyotypic analysis of 
mosaic cases #264, 205, 265, and 301 showed two populations 
of cells with a modal number of 46 in one cell line and 
a modal number 47 present in the other cell line. (see 
representative karyotypes in Figures 6-13). Counts of 
45 cells were made for all these cases, with random loss 
of chromosomes evidenced upon karyogramming. Hence, cells 
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with counts of 45 or below were concluded as being "broken" 
cells in terms of having a full chromosome complement. 
In cases #264 and 205, cells were consistent in their chromo-
some complements with trisomy in the F-group. It is conclud-
ed, therefore, that these cases (264, 205) may represent 
mosaic trisomy-F patients. (See Figures 6, 8 and Table II). 
For cases #301 and 265, the aneuploid cell line 
was compatible with trisomy in the D-group. The presump-
tive diagn·osis is, therfore, mosaicism for trisorny-D. 
(See Figures 10, 12 and Table II). In all the cells of 
case #258 which were analyzed, the single consistent 
abnormality of trisomy was found in the G-group. In light 
of these data coupled with the usual phenotypic features 
of G-group trisomy manifested by this patient, it followed 
that the cytogenetic diagnosis of mongolism was confirmed. 
(See Figure 14 and Table II.) 
In case #342 the modal count was 46, with some 
cells with counts of 45, and one cell count of 47. This 
was obtained from a total of 52 cells. The extra chromo-
some in the one cell count of 47 was found compatible 
with the F-group. There was random loss of chromosomes 
from the cells with counts of 45. It was, therfore, 
concluded that if mosaicism for trisomy in the F-group 
exists for this subject, it is less than a 2 per cent 
probability, and except for one cell, chromosome anomaly 
was not demonstrated. 
Karyotypic analysis of cases "257, 261, 120, 249, 
34g and 303 revealed no chromosome number anomalies, 
gross translocations, gross deletion, or mosaicism. (See 
representative karyotypes of female and male cells 
containing 46 chromosomes in Figures 4 and 5; see also 
Table II.) The possibility that minute translocations or 
deletions may exist in these patients could not be ruled 
out in all cases. Chromosome counts for these cases 
showed a modal number of 46. 
In addition to the measurements for t/s ratio, an 
evaluation was recorded on each of these patients for the 
presence or absence of the other congenital anomalies 
commonly found in the trisomy-E syndrome. Table IV lists 
these anomalies against each patient in the study group. 
This provided an assessment of the frequency of each of 
these anomalies in a bed patient population of the 
retarded, in addition to providing a prospective record 
of physical findings other than short sternums in the 
study group. 
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4 6  
F i g u r e  4 .  
F i g u r e  5 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  a  
n o r m a l  m a l e  c e l l  c o n t a i n i n g  4 6  c h r o m o -
s o m e s ,  2 2  p a i r s  o f  a u t o s o m e s  a n d  a n  X Y  
s e x  c h r o m o s o m e  c o m p l e m e n t .  
( C o u r t e s y  o f  t h e  c y t o g e n e t i c s  l a b o r a t o r i e s ,  
R a i n i e r  S c h o o l ,  B u k l e y ,  W a s h i n g t o n . )  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  a  
n o r m a l  f e m a l e  c e l l  c o n t a i n i n g  4 6  c h r o m o s o m e s ,  
2 2  p a i r s  o f  a u t o s o m e s  a n d  a n  X X  s e x  c h r o m o -
s o m e  c o m p l e m e n t .  
( C o u r t e s y  o f  t h e  c y t o g e n e t i c  l a b o r a t o r i e s ,  
R a i n i e r  S c h o o l ,  B u c k l e y ,  W a s h i n g t o n )  
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4 g  
F i g u r e  6 .  
F i g u r e  7 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  a  
p r e s u m p t i v e  t r i s o m y - F  c e l l .  T h e  k a r y o -
t y p e  c o n t a i n s  4 7  a u t o s o m e s ,  o n e  e x t r a  
c h r o m o s o m e  i n  t h e  F - g r o u p  s i z e  r a n g e ,  
a n d  a  n o r m a l  X Y  s e x  c h r o m o s o m e  c o m p l e m e n t .  
T h e  c e l l  r e p r e s e n t s  o n e  o f  t w o  c e l l  l i n e s  
f o u n d  i n  s u b j e c t  2 4 6 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  c e l l  c o n t a i n i n g  4 6  c h r o m o s o m e s .  2 2  p a i r s  
o f  a u t o s o m e s  a n d  a n  X Y  s e x  c h r o m o s o m e  
c o m p l e m e n t .  T h e  c e l l  r e p r e s e n t s  o n e  o f  
t h e  t w o  9 e l l  l i n e s  f o u n d  i n  s u b j e c t  2 6 4 .  
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-~-- ---
GROUP A 
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GROUP C 
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46 - X'f CELL 
5 0  
F i g u r e  $ .  
F i g u r e  9 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  p r e s u m p t i v e  t r i s o m y - F  c e l l .  T h e  k a r y o -
t y p e  c o n t a i n s  4 7  a u t o s o m e s  ( o n e  e x t r a  
c h r o m o s o m e  i n  t h e  F - g r o u p  s i z e  r a n g e )  
T h e  c e l l  r e p r e s e n t s  o n e  o f  t w o  c e l l  l i n e s  
f o u n d  i n  s u b j e c t  2 0 5 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  c e l l  c o n t a i n i n g  4 6  c h r o m o s o m e s ,  2 2  
p a i r s  o f  a u t o s o m e s ,  a n d  a n  . X X  s e x  c h r o m o -
s o m e  c o m p l e m e n t .  T h e  c e l l  r e p r e s e n t s  o n e  
o f  t w o  c e l l  l i n e s  f o u n d  i n  s u b j e c t  2 0 5 .  
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4 7 - TRISOMY-F CELL 
, 
GROUP A GROUP B 
-K-J -1111 l-K 
GROU? C 
GRO UP D GROUP E 
SEX 
GROUP F GROUP G 
\ ~. (I ·, - · - · -· x- --. -. - . -- - 1-11-C /SE 205 46 - XX CELL 
5 2  
F i g u r e  1 0 .  
F i g u r e  1 1 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  p r e s u m p t i v e  t r i s o m y - D  c e l l .  T h e  k a r y o -
t y p e  c o n t a i n s  4 7  a u t o s o m e s  ( o n e  e x t r a  
c h r o m o s o m e  i n  t h e  D - g r o u p  s i z e  r a n g e )  
a n d  a  n o r m a l  X Y  s e x  c n r o m o s o m e  c o m p l e m e n t .  
T h e  c e l l  r e p r e s e n t s  o n e  o f  t h e  t w o  c e l l  
l i n e s  f o u n d  i n  s u b j e c t  2 6 5 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  c e l l  c o n t a i n i n g  4 6  c h r o m o s o m e s ,  2 2  p a i r s  
o f  a u t o s o m e s  a n d  a n  X . Y  s e x  c h r o m o s o m e  
c o m p l e m e n t .  T h e  c e l l  r e p r e s e n t s  o n e  o f  
t w o  c e l l  l i n e s  f o u n d  i n  s u b j e c t  2 6 5 .  
GROUP 
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GR0UP D GROUP E 
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CASE 265 
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CASE 265 
46 - XY CELL 
5 4  
F i g u r e  1 2 .  
F i g u r e  1 3 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  p r e s u m p t i v e  t r i s o m y - D  c e l l .  T h e  k a r y o -
t y p e  c o n t a i n s  4 7  a u t o s o r n e s  ( o n e  e x t r a  
c h r o m o s o m e  i n  t h e  D - g r o u p  s i z e  r a n g e )  a n d  
a  n o r m a l  X X  s e x  c h r o m o s o m e  c o m p l e m e n t .  
T h e  c e l l  r e p r e s e n t s  o n e  o f  t h e  t w o  c e l l  l i n e s  
f o u n d  i n  s u b j e c t  3 0 1 .  
P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  c e l l  c o n t a i n i n g  4 6  c h r o m o s o m e s ,  2 2  
p a i r s  o f  a u t o s o m e s  a n d  a n  X X  s e x  c h r o m o -
s o m e  c o m p l e m e n t .  T h e  c e l l  r e p r e s e n t s  
o n e  o f  t w o  c e l l  l i n e s  f o u n d  i n  s u b j e c t  3 0 1 .  
GROUP A 
GROUP B 
GROUP C 
~ )J- -
GROUP D GROUP E 
GROUP F GROUP G SEX 
- -~ - ,.- A 
CASE 301 
47 - TRISOd'f- D CELL 
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·11-l X 1-3- - 1\-1-1-w 
GROUP E 
sex 
GROUP F GROUP G 
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CASE 301 
46 - XX: CELL 
5 6  
F i g u r e  1 4 .  P h o t o g r a p h  i l l u s t r a t i n g  a  k a r y o t y p e  o f  
a  t r i s o m y - G  c e l l .  T h e  k a r y o t y p e  c o n t a i n s  
4 7  a u t o s o m e s  ( o n e  e x t r a  c h r o m o s o m e  i n  t h e  
G - g r o u p )  a n d  a  n o r m a l  . X X  s e x  c h r o m o s o m e  
c o m p l e m e n t .  T h e  c e l l  r e p r e s e n t s  a  c o n -
s i s t e n t  c e l l  l i n e  f o r  s t a n d a r d  t y p e  
m o n g o l i s m  i n  s u b j e c t  2 5 8 .  
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CASE 258 
4 7 - TaIS) Y-G C': LL 
TABLE III 
-
Chromosomal Findings and Diagnosis in 12 Subjects with Short Sternums 
Age in T S Cells 
Subject Sex Months Ratio ·rot al Karyo- Diagnosis 
t ed 
Case 264 M 62 4.369 9 g 76 39 132 36 Presumptive trisomy-F 
mosaic 
. 
Case 205 F 133 4.395 9 14 102 17 142 13 Presumptive trisomy-F 
mosaic 
Case 265 M so 4.864 6 19 105 23 153 21 Presumptive trisomy-D 
mosaic 
Case 301 F 188 3.952 3 g 90 19 120 16 Presumptive trisomy-D 
mosaic 
Case 258 F 34 4.000 14 14 2 Standard trisomy-G 
mongol 
Case 257 M 61 4.838 3 19 22 2 No evidence of chromo-
some number anomaly, 
gross translocations, 
gross deletions, or 
mosaicism demonstrated 
Case 261 F 155 4.840 7 133 140 6 " 
ff 
Case 120 M 157 3.977 3 39 . 42 3 If " \..7'1 ():). 
Case 249 F 85 4.294 2 17 19 3 fl " 
Case 342 M 169 4.220 3 4 51 1 58 7 Except for one 47;count, 
no chromosome anomaly 
demonstrated. 
Age 
Subject Sex in T/S chromosome No. 
months Ratio <45 I 45 I 46 I 47 
Case 348 F 225 3.950 2 18 
Case 303 F 162 4.012 4 1 13 
I 
TABLE III - (continued) 
Cells 
Karyo-
Tota] tvoed 
20 2 
18 2 
Diagnosis 
No evidence of chromo-
some number anomaly, 
gross translocatiens, 
gross deletion, or 
mosaicism demonstrated. 
" " 
VI 
'° 
TABLE iV 
Physical Findings Reported for Trisomy-E in the Short Sternum Study Group. 
Mosaic Mosaic Mosaic Mosaic 
Anomaly tri- tri- tri- tri- Tri- No chromosomal abnormality demonstrated 
somy-F somy-F somy-D somy-D somy-G 
Case Case Case Case Case Case Case Case Case Case Case Case 
264 205 265 301 258 257 261 120 24g 342 348 303 
1. prominent + - - + + - - - - - - -
occiput 
2. prominent 
-
+ ? 
- - + + + - + - + 
nose 
3. short 
- -
+ - - - - + - - - -
upper lip 
4. micrognathia + + + + - - - + - - - -
5. small ears 
-
+ + - ? - - - - - - -
6. short sternum + + + + + + + ? ? ? ? ? 
7. pigeon breast 
-
? 
- - - - - - - - - -
8. overlapping 
-
+ + + + - + - - + - + 
1st & 5th 
fingers 
9. ulnar devia- + + - - - + + - - - - -
tion of hand 
1 O. polydac tyly 
- - - - - - - - - - - -
°' 0 
Mosaic Mosaic Mosaic Mosaic 
Anomaly tri- tri- tri- tri- Tri-
somy-F somy-F somy-D somy-D somy-G 
Case Case Case Case Case 
264 205 265 301 258 
11. syndactyly + + + - + 
12. flexion con-
- + + + -
tractures 
13. rockerbottom 
- + - + + feet, pro-
truding heel 
14. short or + + + ? + 
dorsi-
flexed 
great toe 
15. tiny pelvis + + 
- -
+ 
TABLE· .tv - -rconti:nu·ed) 
No chromosomal abnormality demonstrated 
Case Case Case Case Case Case Case 
257 261 120 249 342 348 303 
+ + - + + + -
- + - - + + -
? + 
- - - - -
+ + - - - - -
+ - - - - - -
°' I-
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DISCUSSION ~ CONCLUSION 
This study has demonstrated that a reliable 
technique for determining short sternums has been developed. 
Evidence for its reliability is given by two distinct and 
highly significant correlations. In one testing situation, 
correlated measures on a random sample of 25 subjects 
taken by separate raters showed that· torso and sternal 
measures can be reliably obtained (p ( .001) by more than 
one investigator. The two sets of measures were in very 
close agreement (r :+.979). The other testing situation 
correlated measures separated by approximately 4 months 
and showed that these scores were also very definitely 
related (r : + .930). This slightly lower correlation 
may have resulted from possible growth, chance errors, 
and "wiggly" patients. Yet, it corroborates as highly 
reliable the use of this technique in assessing rather 
exact measures for torso and sternal lengths. 
The present study has further demonstrated that 
this technique is useful in selection of a group deviating 
beyond 1.6 standard deviations from the mean in which 
there was found a high frequency of occurrence of chromo-
some abnormalities of the mosaic type. Five of the 12 
subjects selected for cytogenetic study revealed chromo-
some number abnormalities. In 4 of 12 cases, mosaicism 
was found involving a chromosome number of 46 in one cell 
line, and trisomy (47) for the other cell line. In two 
of these cases, 264 and 205, the extra chromosome of the 
aneuploidic cells was compatible with the F-group. These 
patients are considered presumptive trisomy-F mosaics. It 
is seemingly less likely that a pericentric inversion with 
deletion may have formed the extra "F" chromosome in these 
cases, inasmuch as no chromatic fragments were found. 
Final identity of the exact chromosome abnormality will 
have to await autoradiographic study using tritiated 
thymidine for terminal labeling of replicating DNA before 
a final diagnosis can be made. Mosaic cases JOl and 265 
showed distinct and definite trisomy for the D-group in 
the aneuploidic cell line, and a predominate cell line 
with counts of 46. These patients are presumptively 
diagnosed as trisomy-D mosaics. Case 25S showed distinct 
trisomy in the G-group, and, therefore, the diagnosis 
is mongolism. 
The present study has not shown that the chromo-
somal disease triso~y-E was present in any of the subjects 
selected for chromosomal analysis by the criteria of 
short sternal length. Therefore, the original hypothesis 
that the short sternwn is a reliable physical finding 
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for clinical detection of trisomy-E has not been con-
firmed. It has been shown, however, that the short sternum 
apparently is an important clinical or physical find-
ing for chromosomal anomalies in severely handicapped 
retardates. 
It is of interest to note that none of the patients 
with deviations over 1.6 units from the mean are over 
16 years of age. A Chi Square Test on the mean ages 
for both the study group and the rest of the population 
revealed the mean age for the study group to be signifi-
cantly less {sig.<..02) than that for the main population. 
It would appear, therefore, that diminished longevity 
may be related to the presence of factors associated 
with short sternal length. 
EVALUATION 2£: PROPOSED ETIOLOGICAL TRI_SOMY MECHANISMS. 
Historically it is assumed that the presence of 
trisomy is the result of errors in meiosis to produce 
abnormal gametes. Failure of a chromosomal pair to 
separate during meiosis (nondisjunction) is generally 
accepted as the mechanism responsible for this error. 
Yet, much doubt remains as to the specific way in which 
the idea of nondisjunction occurring in the first meiotic 
division. This is predicated on observations in plant 
material in which chiasma formations evidence tangling 
of the chromosome arms so that both parental chromosomes 
are included in one haploid cell. Yet, special conditions 
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are necessary to prove whether this occurs in meiosis 
or in mitosis. The first reduction division in which 
the germ cell line reduces from a diploid to a haploid 
number would produce an abnormal gamete in which the 
two chromosomes would be different. In other words, 
the total chromosomal complement of the parents would 
be represented for that pair. On the other hand, if the 
error was in the second meiotic division, Which is 
essentially a mitotic division, the two members of the 
pair in the gamete would be homologous. They would be 
exactly the same. 
The. end effect of getting an extra chromosome 
in a cell can be achieved in two ways. First, a chromo-
some may be late in getting to the metaphase plate and 
would be included in a daughter cell before the kineto-
chore divides. In other words, it may never get to the 
metaphase plate. Conversely, if it does reach the meta-
phase plate, and the kinetochore is slow to divide, the 
whole chromosome consisting of two chromatids is included 
in one daughter cell. In one case, it may be a spindle 
mechanism failure, while in the other, it is a kineto-
chore failure which is responsible for the nondis-
junctiono 
The presence of mosaics seemingly makes pre-
ferable the hypothesis of a kinetochore failure or of a 
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spindle failure, rather than a failure of nondisjunction 
of first meiotic division. This is based on not infrequent 
observations in humans of an XO/X:X.X mosaic or Turner. 
This form of mosaicism can only occur if nondisjunction 
occurs in first zygotic cleavage. Further, XO/'XJ. mosaics 
are also probably nondisjunction in second cleavage. 
Here, both mosaic forms are mitotic divisions in which 
there is no chiasma formation. Knowing that this mitotic 
mechanism is operative in humans, it seems preferable 
to assume that it operates each time. Therefore, it is 
offered that the occurrence of trisomy in man may be more 
likely the result of a mitotic division failure, rather 
than a reduction division failure. 
Mosaicism. The ratio of euploidic to aneuploidic 
cell lines found in all cases of mosaicism in this 
study suggests that mitotic errors occurred during early 
leukocyte formation in embryogenesis. This assumption 
is based on the idea that the degree to which cell lines 
are mixed in cases of mosaicism are dependent upon the 
stage of development at which the error occurred. 
Naturally, if a mitotic error arose early in leukocyte 
formation, many cell generations would manifest the 
aneuploidy. If, however, the error should occur at a 
cleavage point late in leukocyte formation, fewer cells 
would be affected, and hence a lower ratio of all. On 
the basis of a seemingly high incidence of aneuploid 
cells, it seems reasonable to assume that mosaic cases 
264, 205, 265 and 301 are the result of etiological 
influences which occurred in early leukocyte formation 
in embryogenesis. 
It should be added that in cases such as these, 
the detection of existing mosaicism may be quite difficult 
if the study is restricted to sampling a few tissues. 
In this regard, diagnosis may be missed if indeed mosaic-
ism is confined to one or only a few tissues. 
CONCLUSION. 
In conclusion, it may be assumed on the basis of 
this study that the short sternum provides a meaningful 
tool for the clinical recognition of chromosome abnorm-
alities among bedfast, severely handicapped retardates. 
That chromosomal trisomy abnormalities were found in 
patients having short sternums serves to indicate an 
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added likelihood of finding patients with a high probability 
of chromosome abnormalities in a similarly afflicted 
population of severe retardates. 
This study did not find the short sternum to be 
exclusively diagnostic for trisomy-E patients. 
Thus, whether or not the criterion for a short 
sternum proposed in this study proves useful in identifying 
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individuals with the trisomy-E syndrome remains to be tested 
in future studies on young populations. 
SUMMARY 
The present study has demonstrated that a 
reliable technique utilizing torso/sternal ratios for 
determining short sternums has been developed. Moreover, 
this technique is useful in selection of a group deviating 
beyond 1.6 standard deviations from the mean in which 
there was found a high frequency of occurrence of chromo-
some abnormalities. It has not been shown that the chromo-
somal disease trisomy-E was present in those subjects 
selected for cytogenetic investigation by the criteria 
of short sternal length. Therefore, the original hypo-
thesis that the short sternum is a reliable physical 
finding for clinical detection or trisomy-E hae not been 
confirmed. It has been shown, however, that the short 
sternum is associated as a frequent clinical or physical 
finding of chromosomal anomalies in severely handicapped 
young retardates. 
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APPENDIXES 
APPENDIX A 
GLOSSARY OF lV.IJ!:DICAL TERMS 
TERMS DEFINED: 
Arhinenceihaly 
Partia or total absence of the cerebrum 
coupled with malformation of the nose. 
Atretic Auditory Meatus 
An absence or closure of the external ear 
canal. 
Brachycephaly 
Front to back shortness of the head. 
Cleft Palate 
A closure defect resulting in a groove through 
the palate. 
Coarctation of Aorta 
A localized narrowing of the aorta. 
Coloboma 
A defect of the iris resulting from improper 
eye development. 
Corneal Opacities 
A cloudy cornea of the eye. 
Cryptorchidism 
A developmental defect in which the testes 
fail to descend, and remain within the 
abdomen or inguinal canal. 
Digital Arches 
Finger and toe prints resembling an arch-
type pattern. 
Epicanthic FolJ! 
A congenital defect in which a fold of skin 
covers the inner angle of the eye. 
Eguinovarus Feet 
A congenital club foot which may be mild or 
severe. 
Facial Palsy 
Paralysis of the facial muscles. 
Failure to Thrive 
Retarded growth and development in an infant. 
Flat Occiput 
Flat back of the head. 
Flexion Deformities of Fingers 
Fingers fixed in a bent position. 
Furrow 
A groove. 
Hare Li,R 
A closure defect of the upper lip. 
Hypertelorism 
Wide set eyes. 
Hypoplastic 
Underdevelopment of any tissue. 
Hypoplasia of Orbital Ridge 
Underdevelopment of bony ridge containing 
the eye. 
Hypotonicity 
Below normal strength or tension. 
Inguinal or Umbilical Hernia 
A rupture occurring through the inguinal . 
canal and/or the umbilical ring. 
Intra-atrial Septum Defect 
A closure defect between the two venticles 
of the heart. 
Limited Hip Abduction 
A flexion deformity of the thighs in which 
the legs cannot be moved away from the axis 
of the body. 
76 
Meckel's Diverticulum 
An abnormal pouch or sac which arises from 
the small intestine. 
Microcephaly 
A small head. 
Micrognathia 
A small jaw. 
Microphthalmus 
Abnormally small eyes. 
Muscular Hyper~~I.!.;,_9i~ 
Increased tension of the muscles. 
Nystagmus 
Oscillatory movement of the eyes. 
Orbit 
Bony cavity containing the eye. 
Palpebz:C!.~-~~~sur~~ 
Opening between the eyelids. 
Patent Ductus Arteriosus 
Persiste_n_c_e--of a fetal blood shunt after 
birth which exists between the pulmonary 
artery and the aorta. 
Polydactyly 
Extra fingers and/or toes. 
Polyhydramnios 
Excessive amniotic fluid. 
Prominent Occiput 
Bulging back of the head. 
Ptosis of Eyelid 
A drooping of the upper eyelid due to 
paralysis. 
Redundant skin of ~ape. 
Excessive folds or looseness of skin on the 
back of the neck. 
77 
Rockerbottom Feet 
Protrusion of the heel which gives a "rocker-
bottom" shape to the foot. 
Scoleosis 
Lat:eral flexion deformity of the spine. 
Short, Dorsiflexed Great Toe (Hammer Toe) 
A condition in which the great toe intermittent-
ly turns upwards at the second joint, giving a 
"hammer-like~' appearance. 
Simian Crease 
A skin line in the palm of the hand which 
crosses the four fingers. 
Strabismus 
Crossed eyes. 
Syndactyly 
Webbing between the fingers and/or toes. 
Trigger Tlll!filbs 
Thumbs that turn backwards at the second joint. 
APPENDIX B 
DATA SHEET FOR T/S RATIOS AND MEASURES 
FOR 25 SUBJECTS FROM THE 
YAKIMA VALLEY SCHOOL 
\I 0 .1. WllU .L 
Case 
No. Initial Set of Measures 
and Ratios - Investigator 
Torso Sternal T/S 
Length Len.e:th Ratio 
241 33.2 S.5 30906 
242 34.6 11.1 3.117 
28$ 35.4 11.2 3.161 
289 29.8 10.l 2.950 
244 33.0 8.4 3.929 
245 3$.0 13o0 2.923 
248 31.3 11.0 2.845 
234 30.7 10.1 3.040 
232 31.9 10.0 3.190 
231 29.s 7.9 3.772 
240 37.6 11.2 3.357 
229 32.5 11.0 2.955 
22$ 38.5 11.0 3.500 
At:PEN .. QJ.! ~ 
vO.l.Wilil G 
Second Set of Measures 
and Ratios - Assistant 
Torso Sternal T/S 
Len.e:th Len.e:th Ratio 
33.l 8.7 3.805 
34.9 11.4 3.061 
35.2 11.2 3.143 
30.2 10.1 2.990 
33.4 8.6 3.884 
38.6 13.l 2.947 
31.8 10.7 2.072 
31.9 10.l 3.158 
31.9 10.l 3.158 
28.8 8.3 30470 
37.4 11.7 3.197 
33.l 10.7 3.q93 
38.8 11.3 3.434 
vO.LWIUl -' 
Second Set of Measures 
and Ratios - Investi.e:ator 
Torso Sternal T/S 
Length Len.e:th Ratio 
33.6 s.9 3.776 
34.7 11.3 3.071 
35.9 11.3 3.177 
30.3 10.l 3.000 
33.2 8.4 3.952 
37.9 13.6 2.788 
32.9 11.0 2.991 
31.3 10.2 3.069 
31.1 10.4 2.990 
29.3 S.4 3.488 
37.5 1106 3.233 
32.5 10~6 3.066 
38.8 11.1 3.495 0). 
0 
APPENDIX~ (continued) 
vOJ.wnn J. vo-Lumn ~ vO.LUillll ~ 
Case 
No. Initial Set of Measures Second Set of Measures Second Set of Measures 
and Ratios - Investigator and Ratios - Assistant and Ratios - Investigator 
Torso Sternal T/S Torso Sternal T/S Torso Sternal T/S 
• Len.e:th Len.e:th Ratio Len.e:th Len.B:th Ratio Length Length Ratio 
227 30o4 8.o 3.800 29.9 8.3 3.602 29.7 8.4 3.536 
226 30.3 9.0 3.367 30.1 9.2 3.272 30o3 9.4 3.223 
• 
213 31.7 9.0 3.522 32.1 809 3.607 32.2 8.9 3.618 
212 3.6.7 12.l+ 2.960 40.3 12.3 3.276 40.1 12.l 3.314 
211 27.3 9.4 2.904 28.0 9.6 2.917 27.9 9.3 3.000 
, 
263 • 28.0 10.0 2.800 27.9 9.9 2.818 27.5 10.0 2.750 
272 38.7 10.0 3.870 37.8 10.3 3.670 37.4 lOoO· 3.740 
202 33.3 11.6 2.871 34.5 11.4 3.026 34.3 11.6 2.957 
271 31.2 10.2 3.059 31.4 10.3 3.049 31.6 10.4 3.038 
• 
207 36.0 10.8 3.333 36.0 10.2 3.529 35.8 10.3 3.476 
270 32.5 8.6 3.779 32.5 9.0 3.611 32.9 9.2 30576 
~59 35.7 10.6 3.36$ 36.1 10.2 3.539 35.8 10.3 3.476 
-· 
These data are based on two samplings recorded in centimeters and separated by a 
period of 4 months. The first torso, sternal measurements are listed in column 1. A 
second series of measures was taken by me {investigator) and an assistant and are listed 
in columns 3 and 2, respectively • 
• • • • • 
• 
OJ. 
f-' 
APPENDIX C 
TABLE V 
DATA LISTINGS FOR T/S RATIOS, MEASURES, SEX, AND AGE 
FOR 250 SUBJECTS FROM JHE YAKIMA VALLEY SCHOOL 
T/S 
Physical Findings Common to the Trisomy-E Syndrome* 
Case Age in Torso Sternal 
No. Sex Months Length Length Ratio 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
101 F 3llm 43.3 15.6 2.775 - - - - - - - - + - - + 
102 F 302m 47.2 15.8 2.987 
- - - - - - - - + - - + + 
103 F 353m 46.6 14.4 3.236 
- - - - - -
104 F 309m 48.5 16.5 2.939 
- - - - - - - - - - -
+ 
105 F 18lm 41.8 13.1 3.190 - + - - - + - - + -
106 M 216m 40.9 15.l 2.708 - + + - - - - + - - - + 
107 M 20lm 45.0 12.9 3.488 
- - - - - - - - - - - + 
108 M 352m 42.4 14.5 2.924 
- + - - - - - + + - - + 
109 M 243m 47.6 13.8 3.449 - - - - - - - - - - - + + 
110 M 234m 47.0 13.9 3.381 
- - + - - - - - - - + + 
111 M 26lm 45.0 11.8 3.813 
- + - - - + - + + - + + 
112 M 150m 39.9 12.2 3.270 - + - - - - - + - - - + 
113 M 33lm 42.8 15.6 2.743 
- + - - - - - - - - + + - + 
114 M 296m 46.3 13.3 3.481 
- + - - - - - + - - + 
115 M 510m 42.5 14.4 2.951 - + - - - - - - - - - + 
116 M 595m 43.9 18.9 2.322 - - - - - - - + - - - + 
117 F 182m 42.5 12.6 3.373 - - - - - - - - - -
118 F 301m 53.2 15.5 3.432 - + - - - + - + + - + + + + + 
119 F 259m 44.5 17.l 2.602 
- + - - - - - + - -
120 F 157m 35.8 9.0 3.977 
- + + + - - - - - -
* Numbers refer to physical findings as recorded in Table III. 
Case Age in Torso Sternal T/S 
Physical Findings Common to the Trisomy-E Syndrome* 
No. Sex Months Length Length Ratio 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
121 F 333m 45.0 14.5 3.103 
- + + - - - - + + - - + - + 
123 F 340m 51.2 16.6 3.084 
- - - - - - - + - - + + + 
125 F 278m 37.0 15.6 2.371 - + - - - - - - + - - + + 
126 F 238m -46.7 15.8 2.955 - - + - - - - + + - - + 
127 F 304m 50.1 15.6 3.211 
-
+ - - - + - - - - + + - - + 
128 F 592m -44.9 16.6 2.704 
- - - - - - - - - - - + 
129 F 293m 34.6 13.9 2.489 
- - - - - - -
+ + - - + + - + 
130 F 529m 48.0 15.5 3.096 
- + - - - - - - - -
133 F Ulm 38.0 10.7 3.551 
- - - - - - - - - -
134 F 340m 36.5 11.1 2.134 
- - - - - - + - - - - + - + + 
135 F 225m 49.6 13.9 3.568 
- + - - - + - + - - - - - - + 
138 M 228m 41.8 15.3 2.732 
- - - - - - -
+ + -
139 M 359m 45.7 14.8 3.087 
- - - - - - - - - - - + 
N200 F 114m 31.0 8.7 3.563 
- - - - - - - - - -
200 M 296m 52.3 14.5 3.606 
- - - - - -
N201 F 185m 35.7 10.3 3.466 + - - - - - - - - -
201 F 190m 38.1 10.7 3.560 
- + - - - + + - - - + - - - + 
N202 M 14lm 41.l 10.7 3.841 
- - - + - - - - - - - + 
202 F 95m 33.3 11.6 2.870 
- - - - - - - + - - + - - + 
203 M 166m 31.6 10.1 3.128 + 
- -
+ 
- - -
+ - - - + 
204 F lllm 34.9 9.5 3.673 
-
+ 
- - + + - - - - + 
205 M 133m 35.6 8.1 4.395 
- + - + + + - + + - + + + + + 
206 F 184m 35.9 11.0 3.263 
- - - - - - + + - - + 
207 F 199m 36.0 10.8 3.333 
- - - + - - - + + - + + 
208 F 14lm 35.0 9.5 3.684 
- - + + + - - - - - + 
209 F 125m 35.0 10.8 3.240 
- - - -
210 M 595m 30.9 11.0 2.809 
- + - - - - - -
211 F 125m 27.3 9.4 2.904 + 
- - + - - - + - - + + 212 F 215m 36.7 12.4 2.959 
- + - - - - - + + - - + - - - ():') 213 M 73m 31.7 9.0 3.522 w 
- - - - - - -
+ 
- - + + - + 
Physical Findings Common to the Trisomy-E Syndrome* 
Case Age in Torso Sternal r/s 
No. Sex Months Length Length Ratio 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
214 M 86m 25.5 7.2 3.541 
-
- - - - - - -
+ 
- -
+ 
-
+ 
215 F 97m 27.7 8.6 3.220 
- - - + + - - - - -
216 F 135m 27.5 8.9 3.089 
- - - - -
+ 
- - - -
+ 
217 M 125m 35.1 11.8 2.974 + - - - - - - - - - - + 
218 F 175m 33.6 11.9 2.823 + - - - - - - - + - + + + 
219 F 93m 30.5 9.6 3.177 
- - - - - - - - - - + - + 
220 M 160m 31.4 8.6 3.651 
- - - -
+ 
- - - - -
+ 
221 F 90m 29.0 7.6 3.815 
-
+ - - - + + - - - + 
222 F 84m 28.4 10.2 2.784 
223 F l40m 31.9 10.5 3.038 + - - - - - - - - - - - - + 
224 M 190m 37.5 10.6 3.537 
-
+ - + - - - + + - - + + 
225 M 146m 38.4 10.5 3.657 
-
+ 
-
+ - - - + + - + + + 
226 M 123m 30.3 9.0 3.366 + - - - - - - + + - - + 
227 F lllm 30.4 8.0 3.800 + - - + - - - + - - - + 
228 F 38.5 11.0 3.500 
- - - + - + - - - - - - - - + 
229 M 168m 32.5 11.0 2.954 - - - - - - - + - - - + 
230 M 166m 39.3 11.2 3.508 - + - - - - - - - - - + + 
231 M 130m 29.8 7.9 3.772 
- -
+ + - + - + + - - + 
232 M 92m 31.9 10.0 3.190 - - - - - - - + - - - + + 
233 M 157m 32.3 11.0 2.936 
- - - - - - -
+ + - - + + 
234 F 177m 30.7 10.1 3.039 
- - - + - - - - - - + 
235 F 114m 30.3 10.1 3.000 
- - - - - - - -
+ 
-
+ + + 
236 M 213m 35.0 11.1 3.153 
- + - - - - - + - - + + - - + 
237 M 17lm 38.0 10.0 3.800 
- - - - - - - + - - - + 
238 M 129m 34.5 9.9 3.484 
- + - + - - - - - - + 
239 M 135m 34.6 10.1 3.425 
- + - - - - - + - - + + 
240 F 149m 37.6 11.2 3.357 
- - - - - - - + - - - + + 
241 F 80m 33.2 8.5 3.905 
- - - - - - - - - - + - + 
242 F l89m 34.6 11.1 3.117 
-
+ - - - - - + - - + + - + - co ~ 243 F 132m 36.7 9.5 3.863 
- - - - - - - - - -
Case Age in Torso Sternal T/S 
Physical Findings Common to the Trisomy-E Syndrome* 
No. Sex Months Length Length Ratio 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
244 M 102m 33.0 8.4 3.928 
- + - - - - - + - - + 
245 F l4lm 38.0 13.0 2.923 + - - - - - - - - - + + 
247 F 106m 34.0 10.2 3.333 - - - - - - - - - - + + 
248 F 132m 31.l 11.0 2.845 
- - - - - - - - - -
249 M 85m 33.5 7.8 4.294 
- - - - - - - - - - + 
251 M 48m 25.6 7.0 3.657 
- - - - - + - + - - + - + 
252 M 17lm 28.1 11.5 2.443 
- + + + - - - + - - - + + 
253 F 203m 30.3 12.5 2.424 
- - - - - - - + - - - - + 
254 M 105m 28.4 9.9 2.868 
-
+ 
- - - - + + - - - + + 
255 F lOlm 31.6 10.0 3.160 
- - - - - - - - - - + 
256 F 218m 39.0 12.4 3.145 
- - - - - - - - - -
+ + + + 
257 F 6lm 30.0 6.2 4.838 
-
+ 
- - -
+ - - + - + - - + + 
258 M 34m 28.0 7.0 4.000 + - - - - + - + - - + - + + + 
259 M 12lm 35.7 10.6 3.367 + - + + + - - - + -
260 M 79m 28.9 8.1 3.567 + + - + - + - - - - - - - + + 
261 M 155m 33.4 6.9 4.840 - + - - - + - + + - + + + + 
262 F 32m 21.7 7.5 2.893 - - - - - - - + - -
263 F 166m 28.0 10.0 2.800 - + - + - - - + - - + + + - - + 
264 F 62m 28.4 6.5 4.369 + - - + - + - - + - + - - + + 
265 F 80m 28.7 5.9 4.864 - - + + + + - + - - + + - + 
266 F 83rn 27.3 9.0 3.033 + - - + - - + + + - - + + 
267 F 80m 23.l 8.1 2.851 
- - -
+ - - + + - - - + 
268 F l44m 34.6 9.4 3.680 + - - - - + - - - - - - - + + 
269 F 89rn 22.6 7.1 3.183 - - - - - - - + - - - + + 
270 M 107m 31.2 8.8 3.545 - - - - - - - - - - + 
271 F 168m 31.2 10.2 3.058 - + - - - - - - - - + + 
272 F 194m 38.7 10.0 3.870 - + - - - - - + + - + + 
273 F 18lm 33.4 13.2 2.530 
- - - + - - + - - - - + 
274 F 9lm 33.0 9.7 3.402 + - - - - - - - - - + - - - - CX> 
275 F 51m 25.1 7 .1 3.535 - - - - - + - + IJ\ - -
Physical Findings Common to the Trisomy-E Syndrome* 
Case Age in Torso Sternal T/S 
No. Sex Months Length Length Ratio 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
276 F 55m 28.3 7.3 3.876 - - - - - - - + - -
277 F 17lm 34.5 10.8 3.194 
- - - + - - - - - - + + 
278 F 95m 34.5 10.5 3.285 
- - - - - - - - - -
279 F 112m 32.5 9.6 3.385 + + - - - + - - - - + 
280 M 51.3 14.0 3.664 
- - - - - - - - - - + 
281 F 148m 33.0 10.0 3.300 
- - - - - - - - + - + 
282 F 190m 33.9 9.5 3.568 - - - - - + - - - - + - - + + 
283 F 179m 33.7 10.3 3.271 
- - + - + - - - - - - - + 
284 F 28.0 11.0 2.545 - - - - - - + + - - + + - - + 
285 F 144m 37.7 16.6 2.271 
- - - - - - - - - -
286 F 202m 31.1 9.0 3.455 
- + - - - - + - - - + 
287 F 33.0 8.5 3.882 
-
+ - - - - + + - - - - + 
288 F 189m 34.4 11.2 3.071 - - - - - - + + - - -
289 F 189m 29.8 10.1 2.950 - - - - - - + - - - + + + - + 
290 F 41.8 11.5 3.634 - - - + - - - -
291 F 34.8 9.7 3.587 + - - - - - - - - - + 
N299 F 27.6 10.1 2.732 - - - - - - - - + - - - - + 
299 M 34.7 10.2 3.401 - - - - - - - + - - + 
301 M 188m 33.6 8.5 3.952 + - - + - + - + - - - + + 
302 M 173m 40.1 12.1 3.314 - + - + - - - + + - - - + 
303 M 162m 33.3 8.3 4.012 - + - - - - - + - -
304 M 153m 36.0 9.2 3.913 + - - - - - - + + - + 
305 M 210m 38.6 11.0 3.271 - - + + - - - + + - - + + + 
306 M 16lm 37.l ll.2 3.312 - - - - - - - - - - + + 
307 M 258m 43.9 13.1 3.351 - - - - - - - -
308 M 334m 48.0 14.9 3.221 
- - - - - - - - - - - + - + 
309 M 325m 47.0 14.5 3.241 - + - - - - + + - -
310 M 325m 49.4 13.8 3.579 - + - - - - - + + - - + 
311 M 272m 48.6 13.0 3.738 
- + - - - - - + - - + + - -· - co 
312 M 475m 44.4 12.1 3.669 + + + + G\ - - - - - - - - - - -
Case Age In Torso Sternal T/S 
· Physical Findings Common to the Trisomy-E Syndrome* 
No. Sex Months Length Length Ratio 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
313 M 387m 50.2 13.6 3.691 
- + - - - - - - - - + + 
314 M 206m 44.0 14.2 3.098 
- - - - - - - + - - - - - + 
315 M 8lm 28.9 8.8 3.284 
- - - - - - - + - -
316 M 296m 39.6 14.4 2.750 
- - - - - - - + + - - + 
317 M 24lm 42.7 12.5 3.416 
- - - - - - - - - -
+ 
318 M 165m 43.5 12.2 3.565 
- - - - - - - + - - + - - - + 
319 M 169m 33.5 10.1 3.316 + - - - - - - - + - - - - + 
320 M l49m 36.0 12.5 2.880 
- - - - - - - + + - - + + 
321 M 118m 37.7 12.0 3.141 
- - - - - - - + - - - + 
322 M 246m 34.0 12.6 2.698 
- + - + - - - + - - - + + - + 
324 F l44m 31.7 10.6 2.990 + - - - - - - - - - + + + 
325 M 215m 43.0 11. 7 3.675 
- + - - - - - - - - - + 
326 M 212m 36.1 12.0 3.008 
- - -
+ - - - - - - - - + 
327 F 152m 40.3 11.7 3.444 
- - - - - - - + - - - + - -
328 F 220m 32.2 14.3 2.251 + - - + - - - + - - - + + 
329 F 116m 40.0. 13.0 3.076 + - - + - - - + + - - - + 
330 F 180m 40.3 12.3 3.276 + + - + - - - - + - - + + + 
331 M 195m 35.5 10.3 3.446 
- - - - - - - - - - - - + 
332 M 159m 41.1 12.7 3.236 
- - - - - - - + + - - + 
333 M 20lm 42.0 11.6 3.620 
- - - - - - - - + - - + + 
3_34 M 178m 36.2 12.2 2.967 + - - - + - - + + - - + + 
335 M 165m 39.0 13.6 2.867 
- - - - - - - + + - - + + 
336 M 243m 44.8 12.3 3.642 
- + - - - - - -
337 M 227m 46.8 12.0 3.900 
- - - - - - - + - - + 
338 M 343m 49.1 15.l 3.251 
- + - - - - - + - - - + + 
339 M 177m 33.2 12.5 2.656 
- + - - - - + - + - + + 
340 M 169m 36.1 11.8 3.059 
- - - - - - - - - - + - - - + 
341 F 81m 29.6 9.5 3.115 
- - - - - - - - - - + + 
342 F 169m 36.3 8.6 4.220 
- + - - - + - + - - + + - - -
QJ 
" 343 F l45m 31.8 9.6 3.312 + - - - - - - - - - + + 
Case Age in Torso Sternal T/S 
Physical Findings Common to the Trisomy-E Syndrome* 
No. Sex Months Length Length Ratio l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
344 M 293m 42.6 13.6 3.132 
- - - - - - - - - - -
+ 
345 F 159m 48.5 15.5 3.129 + - - - - - - - - - - - + 
346 F ?Om 29.5 11.1 2.657 
- - - - - - - - - - + - - + 
347 M 288m 34.7 11.5 3.017 
- + - - - - - + + - + + - + + 
348 M 225m 47.4 12.0 3.950 
- - - - - - - - - - + + 
349 M 222m 35.8 12.1 2.958 
- - - - - - - + - - - + + 
350 M 282m 48.0 13.0 3.692 
-
+ - - - - - + - - + + 
351 M 200m 42.5 13.8 3.079 
- - - - - - - - + - - + 
352 M -43.3 14.0 3.092 - + - - - - - + + - - + + 
353 M l77m 35.5 11.4 3.114 
- + - - - - + - - - + + - + 
354 M 277m 45.6 14.4 3.166 
- + - - - - - - + - - + + 
356 M 120m 37.4 12.5 2.992 
- - - - - - - - - -
357 M 265m 34.5 12.2 2.827 
- + - - - - + - - - + + + 
358 M 191m 38.6 11.6 3.327 - + - - - - - + - -
359 M 203m 39.5 11.0 3.590 
- + - - - - - + - - + 
360 M 226m 42.1 14.0 3.007 
- - - - - - -
+ + - - - - - + 
361 M 192m 40.6 13.0 3.123 - - - - - - + - - -
362 M 132m 34.3 12.9 2.658 - + - - - - - - + - + - - + 
363 M 123m 35.1 11.8 2.974 + - - - - - - - - - - + + 
390 F 158m 37.6 12.0 3.133 - - - - - - - - - - + - + 
-400 F 170m 36.2 12.8 2.828 
-
+ - - - - + -
401 F 202m -40.1 13.2 3.037 - + - - - - + + + - + 
402 F 179m 36.9 12.6 2.928 - + - + - - + + + - + + 
403 F 413m 46.5 14.9 3.120 - - - - - - - + - - + + 
404 F 244m 42.6 13.1 3.251 - - + - - - - - - - - + 
405 F 264m 44.l 14.l 3.127 - + - - - - - - - - - + - - + 
406 F 302m 46.7 16.6 2.813 
- + - - - - - - - - - + 
407 F 195m 33.1 10.7 3.093 
- - - - - - - + + - + + 
408 F 128m 34.8 11.4 3.052 
- + - - - - - - - - - - - - - CD en 409 F 195m 38.4 12.1 3.173 
- + - - - - + -
Case Age in Torso Sternal T/S 
Physical Findings Common to the Trisomy-E Syndrome* 
No. Sex Months Length Length Ratio l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
410 F 276m 36.5 12.2 2.991 
- - - - - - -
+ + - + + + + 
411 F 194m 37.l 13.2 2.810 
- - - - - -
+ + + - - + + 
412 F 274m 41.2 12.2 3.377 
- + - - - - - + + - - + 
413 F 153m 38.4 12.2 3.147 + - - - - - - - - - + + - + 
414 F 322m 34.6 14.5 2.386 
- + - - - - - + - - - - + - + 
415 F 150m 38.8 10.6 3.660 
- + - - - - + - + - - + 
416 F 272m 47.5 15.8 3.006 
- - - - - - - + + -
417 F 287m 42.l 14.0 3.007 
- + - - - - - + + - - + 
418 F 269m 35.4 12.0 2.950 
- + - - - - - + + - + 
419 F 312m 46.0 15.5 2.967 
- - - - - - - - + - + 
.-20 F 226m 39.0 12.1 3.223 + + - - - - + + - - + + 
421 F 158m 38.4 10.4 3.692 
- + - - - + + + + - + + 
.-22 F 107m 37.5 13.3 2.819 
- - - -
423 F 95m 35.6 10.7 3.327 
- - - - - - - - - -
424 F 234m 41.3 14.0 2.950 r- + - - - - - + - - - + 
425 F 336m 38.9 14.4 2.701 
- + - - - - - + + - + - + 
426 F 190m 39.l 11.2 3.491 
- + + - - - - + 
427 F 22lm 44.7 13.2 3.386 
- + - - - - - + - - - - - + 
428 F 165m 27.5 11.5 2.391 
- - - - - -
+ + - - - + - - + 
429 F 134m 38.1 12.1 3.148 
- - - - - - - - - -
430 F 412m 51.2 16.5 3.103 
- + - - - - + - - - + + - - + 
431 F 269m 49.l 13.1 3.748 
- + + - - + - + - - - + 
432 F 396m 4-4.0 15.4 2.857 
-
+ + 
- - - - - - -
+ + 
433 F 377m 48.0 16.6 2.891 
- - - - - - - - - - - + 
434 F 339m 45.l 15.l 2.986 
- - - - - - - - - - -
+ 
435 F 367m 44.6 14.4 3.097 - - + - - - - - - + - - + 
436 F 270m 33.1 13. l 2.526 
- - - - - - + + - - - + 
437 F 270m 39.3 15.5 2.535 - + - - - - - + - - + + 
438 F 265m 46.6 13.4 3.477 + + + + CX> - - - - - - - - - - -
'°· 439 F 250m 43.7 11. 7 3.735 
-
+ 
- - - - - - - -
Case Age in Torso Sternal T/S 
No. Sex Months Length Length Ratio 
-440 F 128m 44.4 13.5 3.288 
441 F 284m 42.1 15.3 2.751 
442 F 472m 50.1 15.8 3.170 
443 F 367m 48.2 15.0 3.213 
444 F 195m 45.7 14.0 3.264 
445 F 320m 51.2 15.6 3.282 
446 F 320m 47.0 19.4 2.422 
447 F 249m 49.0 1.5.6 3.141 
448 F 153m 36.5 11.1 3.288 
449 F 164m 40.7 12.7 3.204 
450 F 186m 40.5 10.9 3.715 
451 F 105m 36.6 12.2 3.000 
452 F 278m 48.0 18.0 2.666 
453 F 407m 48.9 17.2 2.843 
454 F 185m 41.6 13.9 2.992 
455 F 249m 43.1 14.0 3.078 
456 F 273m 47.2 14.7 3.210 
457 F 248m 45.0 13.0 3.461 
458 F 76m 31.0 10.3 3.009 
459 F 207m 39.0 10.2 3.823 
490 F 199m 38.5 12.8 3.007 
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